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(57) Abstract: In a fiber laser, a spontaneous emission light source and an optical fiber amplifier, it has been common practice to 
excite a fiber doped with thulium (Tm) ions with 0.67 Urn or 0.8 U m excitation light This poses a problem such that performance 
deterioration is intensified with the passage of time. In the invention, 1.2 //m light is used as an excitation light, or use is made of 
an excitation light source capable of exciting thulium from ground level 3 He to excitation level 3 H 5 . In a preferred mode, a host glass 
to be doped with Tm has been specified, thereby enhancing 2.3 U m-band luminous efficiency. 
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[oooi] ^T^^-if, ^u^r^if *&§§kiwu 

[ooo2] j|i^H(^f|:xiKi#Ra)T*)D, 

ffcte, Russell-Saunders (9^iT7l--y>-y—X)(D^|Efe(^^<5<^cO-efo ( 9, T/K7 

6 

[0003] yy^A(Tm)Sr3T(C^DUfc7T^^t-*3V^Ti±, yy!>A>r^OHlt>© 

• 3 H ^ 3 H M^C^y^A^^©**/^— ^ 3 H Jp^^ 3 H mtiLlZ&5Z.b% 

4 6 4 6 

.3p _^3 R a^;gvyfc2. 3 Mm ^F % 

4 5 

• 3 F -* 3 H m^m^^tcO. 82nm& 

4 6 

♦ 3 F ^ 3 H m^m^tzl. 

4 4 
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%mmmihmm^^ym<Dftmhvx±%fj:%i n zmtbx\,^ 0 
[0004] rtu^-e % 

6 

F^ft^lM) (^#fF5:ifel#^)?:jifflb-C x 0. 1. 48 /zm^ l. 9 

6 

4 

(3) Tm^p-7Wb^7T^<(C, 0. 8(0. 79) M m=^M (#fF^Cifel#fiS) ^jgffl 
UC, 0. 82/imf, 1. 1. 9/imfS02. 35 n mft<DU— if 

(4) Tm»7 5 /-fb#l'7T^^(C % 1. 55-1. 75//m^M)jS> 3 H ^i^feS^y-?^ 

6 

^^ 3 h mmcB}mmftJc$ik20m)zmmvx, 1. g^m^u— 

4 

(5) Mjp7yftti77^{^ 1. 06»m&mm(!®ffj:$ik2mm)$:mmvx, 1 
. 48^111^01— ^m^ytyr-fy<mmm, 
^m^tixm,±mm^(D(i)^ (2) ^(3)^*9, 2. 3^1x1^7-^^—^ 

[0005] #fF3Ci&l : #lfl¥3-293788^fR 
WffX$k2 : #Hfl¥6-283798-^<£$& 

^^fF5:i^l:J.Y. Allain et al„ "Tunable CW lasing around 0.82, 1.48, 1.88 and 
2.35 n m in Thulium-doped fluorozirconate fiber"Electron. Lett., Vol.25, No. 24, 
pp.1660-1662, 1989^^fT 

4¥W1ft$l$ik2:L. Esterowitz et al., "Pulsed laser emission at 2.3/xm in a 
Thulium-doped florozirconate fiber", Electron. Lett., Vol.24, No.17, p. 1104, 1988 
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^fSMRvfcfita : A. Taniguchi, et al., "1212-nm pumping of 2n m Tm-Ho-codoped 
silica fiber laser", Appl. Phys. Lett., Vol.81, No.20, pp.3723-3725, 2002^^tT 
#£#fJ\£;Sfc4 : P.R. Barber, et al., "Infrared-induced photodarkening in Tm-doped 
fluoride fiber", Opt. Lett., Vol.20(21), pp.2195-2197, 1995^ W<7 

[0006] U^U£#^ 0. 67 n mj&V M30. 8 u nv^Mte, ^tt$^bTTm^P7s/<fb 

[0007] $^^,Tm^^PUT75/^#l7T^^^5:l. 05 ^ m^T^^V^^A^f-T^ 
pm, ^r^^S20m % it@^^^3. 7%)\Z % 1. 047 n m^Nd-YLFf— if ft. 5 

[0008] fc*5 % 1. 2Aim^J®Jig^ffiV^cTm 3+ ^Ho 3+ ^*»Lfc7^#)^T^^^J:^l 

3+ <d 3 h frb 3 u m&^^-^m&&mmi-&h<Dxnm<, ^2. 3 M m^<D3§ 

4 5 
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[0009] *ftW\-Z, frfrttmtttt£tvtt.h<0-V1bQ. *:<0£te B Wfi, 

1) 2. S^m^^tlj^i-^cfe^^Tm^^P^^^^h^PJfig^LT, IH 

So 

[0010] _L|E g WSr^i-5/t*tC, ^K^#m«WT^2^(cfcSo 

[0011] ^^ft, ±1B«HWc«M* EAT^S&m&^-rSo 

2) Tmtt77^/^a*ft?.aS(0MtL-Cl. 2Atm^(l. 2 /z mflMg) 

[0012] mimwy^^^->(D^;v^— m$mxtbz> 0 

o 
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[IH8]|ll8{i^0J(C#t?6l. 2 m mf ijgTm 3+ ®Dy/V ^^7^77^/^ 

miomioit^m<Dmi(ommm(Dy74^—^(Dm^^m^mxh^o 

^.^-r^^mxh^ 
*^-r777mx&>% 0 

mizmi3n*mA<Dm2(DmMm<Dft77^s<mmm(Dm&&^m^mx& 

C0013] 1 mnmwxh^>Tm 3 +muy74^ 

2 1. 2nm^mmytm 

3 ^^p-iv^^— 

5 2. 3 ax m^AXll . 8 ix m^^Y^^74^ 
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6 UytXsl/X 

7 Q&M^J— 

[ooi4] utk, *&w*mn-tz>tcib<DmiBk(DBm$:, ±t&(D^mm^m) , 2) \z.m 
[0015] (*mw<D!&mi<nmw) 

4 5 

4 4 

5 4 5 

4 5 

4 5 

[0016] ^T^fflbfc^r-f/^ft^nte, 

• Tm^P^^t:^I'77'^^:Tm^q^iS2000wt. ppnu )£©#f^Hl. 6%, # 

• Tm^JP^/V^h:7x^:Tm^P^^2000wt. ppm, ifcjg#rs£^l2. 5%, 

• Tm^P^7/^3^i-^K^^7r^<:Tm^P^i^2000wt. ppm, Jfc©#T§£ 
Hi. 0%, #yra-7jft*l. 5 Ainu 77^^5m 

• Tm^P^V^^^^^T^^tTm^P^^lSOOwt. ppnu Jfc©#f^^l 
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. 1%, 3/im, 774'<Ml0m 

• Tm^P^^7T^:Tm^P^^1500wt. ppm, JfcJS#fJ$|gl. 8%, 

• TmMlf^^^^7T^:Tm^P^1000wt. ppm, Jfc©#f§^2 

• Tm»7^y^^^T^^:Tm»^2500wt. ppm , J£@#r^^l 
. l%^%yh*7&.Ml. 36um^77'f'*&3. 5m 

• TmfflmVlsWf 5X774'* :TmffijjQm&1800vrt. ppm, JfcJS$rS*3Sl. 55 
%, 3JyV*7$L&l. 53 /zm, ^t-Y^S2. 9m 

t?fe5 0 J&jSftfittO. 67^mS^200mW > 0. 8 m^l50mW-C&>& 0 

[0017] 04, as, H6^-t-«j;5i-, ^tfyxiztt-^x, 'hzte^myt^mzm-fz. 

4V Jf 7X774 '<, \?X^^i37X774'^X$7VTsW&7X774'<\Z.&\ "»"C, 

vhm^7x%m\<^^bx\ 2. 3 M mm&mx~<nu—^jfcm^mx*foz^ki)m 

[0018] (*38WO«p«2©RW) 

^i^Tm^r^^©!. 2um&Bt&K£Z>2. 3jamf ©l/-f ^ffi(7 
rfV^- if, i^»cW3t«, StWifl*) ^BBLTRMi-*. *j5&M^«tS2. 3 
/imil/- ifjtSfflH:, 1. 2//m^(Djgjjg^J;t9, 3 H Sj&^i^fe^y^A^^ 

6 

5 4 

4 2 2 

4 4 5 
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UT1. 2/zmfflr(l. 2jum?j»e)£rfflV v r2. 3/xm^<DU^- ifj&ffl (77^V- 

t&a^ito ) 

[0019] 07^1. 2^m^ja^Tm 3+ ^P7^^^^T^^^^OTm 3+ ^P^7-f'h>'T'l' 

4 5 

f&jfrmftX^b^QL-fZZt&ftW, 1. 2jumS©Ig*i(aoTTmtt 
7«M^77^<, Tm^P7 i /V7^h^7^7T^^^«t^2. 3 ju m^T^^^^-f § 

[0020] Sbfcl, 08te, 1.2 m m^BgTm 3+ tt^wy|I^77^, Tm 3+ $S 

7"f'<fc«W, 2. 3^m#©^3t36S#e,tt5^MSl. 2^mm®i^T^PJ^i^ofc 
o -f-ftfc>*>, -tfXL^J:^ 1. 2jum«rSM§fc:<fc?> % 2. — Ifj^ffl^pJ 

[0021] fc*5 % 1. 2/zm^M^fflV^Tm 3+ »^^b^T^^^MbT«, %:th&fc 
(Dm&ittWK Tm 3+ ^n^^(Ho) ©pW&#^UfcTm-Ho#8^P:77M' 

4 5 

[0022] jfcte, 7^hy-^^^^a;S7r^^tt<^^MIi^v^fS MteftKiBBl/aR 
m, itB#T^3. 7%)^1. 2Um^i^LD(l/- 1?^**- K)ft,-500m 
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?*&ix.z>z.k&m%iT*%, miamt:*r*z&m$)te2. 3^m^u-^m^m 
a,) 

[0023] T1B<B*lt^ Tm 3+ miJQT-^y-(h^T4^, Tm 3+ iJD^vyif^7 

[0024] [&1] 





1. 047um^fa®(500mW r 56 
tS(2KS600nm) (dB/ in) 


1. 2ym?frS&ag (SOOraW, 100 

b# ) f£ <nwtL m r> CO«^ 

if (2K^600nm) (dB/tn) 




0.81 


<0. 01 




0. 92 


<0. 01 




0.77 


<0. 01 




0.71 


<0. 01 


7 y y ^1^7^77^ 


0. 85 


<0. 01 ; 



[0025] urnc. m®§r#^LT, *&w&&)&mh\z$m-rz>tK £iTim^-t%*& 

mMM 1 

[0026] *$&BM<Dmi<Z>MteMX'n2. 8^mS©77^L — 
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mmMm-?hz>Tm 3+ m\\-7T-(^ 2m. 2 ^ as^i (^i^-f 

ot\3&JgSEftl. 21 ft*fct|;fr200mWh 3te^*v^y?*5— (1. 2/zm 
?$CDft£M&K 1. 6-2. 4Mm^3fe*Sia), 4f±SJt$7— (1. 6-2. 4^mfT? 

, 7fifcfeR**$9— (1. 6-2. 4/xm^3fe-eStt^95%^±)-efe6 0 Tm 3+ »^T 

[0027] ^^LfcTm 3+ miP-7r^^l^^7n«, 

• Tma^7y^7T^^:Tm8S*PfllS2000wt. ppm, JfcJB$r*afcl. 6%, # 

• Tm^P^/V^h^r^'^Tm^JP^l^OOOwt. ppm, JtJBJf¥^2. 5%, 
*yh^7jftj|l. 4junu 77-<^5:5m 

• Tm^P^/V=t^-l'F^^^T^^:Tm^P^S2000wt. ppm, JtJS^f* 
^1. 0%, $yb*7&[&l. bum, 77>r^l6m 

• Tm^py/W>-^^7T^^:Tm»^Sl500wt. ppm, JtJS^f^Hl 
. 1%, 3/zm, 7r^S5m 

• Tm^Ptf^^^^^7r^^:Tm^iP^^1000wt. ppm, itm$T^^2 
. 5%, 43^ nu :7W*&4. 5m 

• Tm^P7^U^^^r^^:Tm^P^^2500wt. ppm, JfcJBtff^^l. 
1%, *yh^7«ftl. 36/zm x 7t^S5. 5m 

[0028] ^*<DTm 3+ M:77^/n^A&|--r5l. 2 ^ m§M^1^50mWtfc^ 

\?s*X7j/l>#5kVX2. 3/xm^F(^i§4 I 'il^ft2. 205/x m) ^^K^^/l^Sr 
ffiffib^:»^^*3V>T, 2. 205Mm-T?Tm»7^b^l7T^^^fflV^c^^«l 

-fK^^T-T^SrfflV ^fcit^tCfiiO. 6mW, Tm^P^/^^^^7^^7^^^^ 
m^tcm^MO. 4mW, Tm^Pt^v^^^77^^?rffll/ ^cf ^W4l. 3 
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[0029] &t>\^&*<DTmmM7T'f'*\Z.*>to't2>l. lg)ti^50mWt*fc^ 

f42. 4mW, Tm^P^^h^T^^5rfflV^c#^(vl{i3. 2mW, Tmtt*/^ 

/■^SrfflV^^^fiO. 7mW, Tm^PlfX^m^^7T^^MV^c^{vl{i 
1. 9mW.Tmm07yy>WtM7X7T4'*&m\t^ia&\a-tl. 4mW<DU— -fft 

[0030] £kf£, ^7>V74)V$\Z&^ttZ.h\Z.£0 > 2. 3//m 

r-f^b^=L—i-f/vy^jv^m\^xi. 75—2. 21 ^ m*f©afcjfc"5r&a*£sa-?£ 

[0031] l£fc, IH12^ ^J£M(-*5V>TTm 3+ ^P75/ib^^7'^-<^fflV^c7T^^ 
— ?<Dmt}ftm<DB$ffl$:fe&&?F-f(2. 205 fxmU—^mm^ll. 5mW) 0 *fc 

[0032] ^fc, Tmttr;W7^h77^^, Tm^P^/l^y^K^^T-f'^ Tm^D 

ikfcm^Lxzz^ttmbfatte^tco 

[0033] *mW<Dm2(DmMMXlZ, 2. 3 M m^O^r-l'^lti|'i§I^^WC0JSffl^ 

ra« 0 EH3^^B^(Dm2^^»(j(D^^i- 0 rr-c\ if^ij#^»-efc§ 

Tm 3+ »P7 7 ^/^ 2ttl. 2 M m^FMl®7tM(^^-1fT^o-C^^Sl. 
21/zm, *7Cffl7j200mWh 3f^^n-r^^— (1. 2MmTO7t£Kt^ 1. 6 
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-2. 4nm^^t^mm), 6i**3fcl/;/X-efc5o 
[0034] fllWflSKltLT, 

• Tmfflm7yfcto7TJ'*(TmWMWk&2000vrt. ppnu itSJf^Ml. 6%, 7 
T^**llm)«rJBVV5£fcfc:J:9, 2. 205/zmff ^ftf^LTif ^*lj#8. 3dB(l. 
2 m^JM3tfi:;&S62mW£>R#) 

• Tm»x^-fh7r^^(Tm^a^^2000wt. ppm, Jt®#T^^2. 5%, 
7r>T^ft5m)SrfflV^r.^H:J;iJ,2. 205/*m<f ^fcKm/Cff-5§#IJ#5. 8dB(l 
. 2/*mflfia®3te#aS52mW<E>ll#) 

• Tm^P^/V=«y^K* , ^'77'^^(Tm»^iit2000wt. ppm, StBtft^ 
mi. 0%, 7r^<^5m)S:fflV^ri:tC«t9, 2. 205 /zmfi^ftt£#l/CfI-i§#lJ# 
3. 8dB(l. 2//mffl®j®}fcftaS75mW<Z>n#) 

• Tm^Dy/W>-^7^T^^(Tm^P^^1500wt. ppm, Jt@#f^l 

. 1%, '7T-r^S6m)^V>5rifc«tl9, 2. 205 /z mlf ^^^LT{f WJ#2. 7 
dB(l. 2/im§ie)fet^73mW(DP#) 

. 5%, 77-Y/<ft5. 5m)S:fflV^ri:^J;t), 2. 205/xm{s-§-^(C^fUTft#^IJ#4 
. 7dB(l. 2Mm^®S3t*^55mWcDB#) 

• Tm^P7^y^^f7^7'^^(Tm»#^2500wt. ppm, MsJffl*f*2Sl. 
1%,77^4 3m)SrfflV^wt^J;t) % 2. 205/z m{f ^(C^tLTff WJ#2. 
2dB(l. 2^m^rlK}^3t*^86mW(D0#) 

[0035] ±IE#STm^!ni7r^Srfflv^»^^*5V^, ±ISS5je^#t?l. 8 m m 

dB(SSl. 805 /z m) , Tm»f^h77^^it >fcf ^(i(i5. ldB(jft^l 
. 805 ixm) ,Tm^P^7/^=ly•7-^K^7^7r^^fflV^fc^-^^c:«3. 2dB(^S 
1. 805^m),Tm^P<7 t /W-v>'^7^7T-l'^fflV^c^}ai3. 2dB(jft£l. 
805jLtm),Tm^IPt^^^^f7^7T^^fflV>fc^-^^^7. 5dB(&:R:l. 80 
5Mm),Tm^P^yv^^-7T^SrfflV^c^^^^2. 8dB(&ftl. 805 zz 
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[oo36] *&w(om3<DmMmx»n, 2. 3 n m^o g ^m^^<^^^^ffl%^ 
wis* mi4^ *%w<Dm3<Dnmm<Dmj&%:^-r 0 rr-e, m*m^fc-e&5 

21 /im, **ffi^200niWK 3W:^f*n>f5^9— (1. 2 /* mflfO^SrSit, 2. 2 
[0037] Hl4©fl|j*tU;«9, 08fc^U5:«fc5^ Tm 3+ i*D77f^77^^, 

[0038] (McDUM^) 

[0040] mmmikmm^i/^feutti?**?) ^sm^mu m^(D^«o 

i^T«]^i-5^<tbTtt, ^^^LD^BM^HL.< > Tm^P72/{b^7T^^ 
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6 5 

o 

4 5 

[5] 2. 3 M m»|Il. 8 m^(D^S^i!j^-rS^t^#m^«if J&^lft^ 

4 5 4 5 

tzwrnt-tzm^mfo ^3<£>v ^t^-iEgc^T^"^- if 0 

[7] 3T$G&5V ^»1W:u>- if ^^iSrW-ra^r±^7cmSr»Lfc^r 

^-r^r-r^i/— if (-*5v vc, 
[8] ^>^<it>tffiB^y'7^^^pbfcMi5^-7T-<'^^^ s > tvi^m^-tw^ « 

■*rX%ktf l ?X7T'('^ 77!Jy^7^77^/^ %>Vzi>f1-s(Y'#7X774'\ 
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4 5 

<<'<*%\mmmki,tc g ^tB«^^v vr , 

6 5 

[11] MfS^y>A^»b^|flfE3fe7T^-<^, ^^^^t^V^^^/^ 
[12] tulH^^^m^r^^^^ y^tmyr^^, T^ysfhtfyxyrJ^, 

tfyxyr^s yyv^m^y^yr^^. */V3WK^77^^ y/w^gfc 

Mo 

[13] '>&<^ 3 f fa?> 3 H miL^<Du-^m®*m\^^k*w&kttm^iot£\^ 

4 5 

[14] 2.3 m m^*Ml . 8 /i m^F^^ft^ltlf^-rSCl^^^t-r^ff JfcaglOfc 
[15] 3 F ^)^ 3 H ©I/- !f^#t*^ 3 H Fmfc&m^ttL 

4 5 4 5 

^srWife^'f ss**^i03&v 2<d\, ^-rti^z§m<D g &&ffl#au 

[16] =T^^V^^^^Ktl5^c:l/-if^^^^^i-5^±^^^?r»bfc^;7r 

mm^0^ytm^m^m^^y^^yy^<(D^b^y^kvxm^^ 
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